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RICHARD J. BLOCK
The experiments of W. C. Rose16 brought to a successful con-
clusion the work of Osborne and Mendel,12 and that of Willcock
and Hopkins; the matter of the protein requirements in nutrition
is fundamentally a question of the need for each of the indispensable
amino acids (Sherman"9). While the present crisis has intensified
the need for evaluating the approximate human requirements for
these essentials, the recent investigations of Holt,' 6,7 Cox,4 and
Rose" arestrengthening theimpression that those amino acids which
are essential to the rat are also indispensable to man. The calcula-
tions given below do not pertain to minimum intake of the essential
amino acids, but are derived from the estimated average annual per
capita consumption of food in the United States during the years
1937 to 1941 inclusive.
It is well recognized that the intake of protein varies with the
economic status of the group (Stiebling21). Not only is more pro-
tein consumed by the wealthier individuals, but the proportion of
protein derived from animal sources is likewise increased (Orr"4).
The National Research Council has stated that the daily inges-
tion of 70 gm. of protein, approximately six-tenths (cf. ref. 10) of
which should be derived from animal sources, is adequate for an
adult man. However, the daily ration of the Army (Howe8)
during the period from May to October, 1941, provided each man
with 131 gm. of protein per day. The calculated daily consump-
tion as determined from records of food supplies to the personnel
of the U.S.S. Arizona (Brown8) in 1940 indicated 109 gm. of pro-
tein a day. Secretary Wickard,'3 in a radio address on December
27, 1942, stated that the average daily per capita protein consump-
tion in the United States in 1941 was 89 gm. In good agreement
with this figure is our calculation from the data presented in the
August, 1942, issue2 of the Agrticultural Situation, namely, 89 gm.
of protein per day.
Table 1 summarizes the contribution of dietary protein by dif-
ferent food groups as reported in the literature and as calculated
from the data in the Agricultural Situation. The findings of Sher-
man18 are based upon studies of the distribution of nutrients in 224724 YALE JOURNAL OF BIOLOGY AND MEDICINE
TABLE 1
CONTRIBUTION OF DIETARY PROTEIN BY DIFFERENT FOOD GROUPS
Protein %o
Galc. from
Sherman18 Stieblinge0 U. S. Army8 datain ref. 2
Meats ........ 35 32 42 38
Milk ..... ... 12 18 13 21
Eggs ................ .8 .... 8
Legumes, nuts ...... .... 3 .... 6
Grains ...... .. 37 28 23 27
dietaries, and those of Stiebling20 on like analyses of the food intake
of employed wage earners and clerical workers in cities. There is
good agreement among authorities in the percentage contributed by
the different food groups.
Table 2 gives the estimated average annual per capita consump-
tion, in the United States, of food, of protein, and of each of the
TABLE 2
ESTIMATED AVERAGE ANNUAL PER CAPITA CONSUMPTION OF ESSENTIAL AMINO ACIDS
IN THE UNITED STATES 1937-1941
Dairy Meats Beans Grams
products and fish Eggs and nuts Ceredls* Total per
lbs. lbs. lbs. lbs. lbs. lbs. day
As eaten ............307.8 136.5 37.7 16.0 196.1
As protein. 1 ........... 27.3 5.7 4.0 19.6 71.5 89
Cystine .05....15 0.30 0.11 0.06 0.35 0.98 1.22
Methionine . 0.48 0.93 0.28 0.08 0.49 2.27 2.82
Arginine . 0.64. 1.78 0.40 0.21 0.80 3.83 4.75
Histidine. 0 ...........37 0.44 0.12 0.07 0.45 1.46 1.81
Lysine .1.18 2.05 0.33 0.19 0.40 4.10 5.09
Tyrosine . 02....82 0.96 0.25 0.17 0.91 3.09 3.84
Tryptophane 0.......22 0.33 0.09 0.07 0.15 0.85 1.06
Phenylalanine 0.....66 1.23 0.34 0.23 1.02 3.46 4.29
Threonine . 0.75 0.96 0.27 0.16 0.62 2.75 3.41
Leucine.2.24. 3.00 0.79 0.32 2.28 8.64 10.7
Valine .12....12 0.96 0.28 0.18 0.85 3.39 4.21
Isoleucine . 16....06 0.82 0.29 0.16 0.31 2.64 3.28
Glycine .......... 0.55 0.17 0.06 1.
* Cereals calculated from 2/3 wheat and 1/3 corn.
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essential amino acids over the period 1937 to 1941 inclusive. The
annual individual contributions made by dairy products, meats and
fish, eggs, beans and nuts, and cereals, as well as the total annual
consumption in pounds and the daily intake in grams, are also pre-
sented. The amino acid figures have been c6npiled from numerous
sources in the literature as well as from our own unpublished figures
(Block and Bolling3). Aside from the values for the indispensable
amino acids, the data on cystine, tyrosine, and glycine are included
when available.
The only similar compilation, which has come to the author's
attention, is that by Macy."' This calculation was based upon the
intake of 12-year-old children. The average daily amount of pro-
tein ingested, according to Macy's investigation, was 80 gm. There-
fore, for purposes of comparison with our calculations her amino
acid figures have been multiplied by the factor 89/80. The results
are given in Table 3. The agreement is manifest.
TABLE 3
DAILY CONSUMPTION OF ESSENTIAL AMINO ACJDS
Macyl1
(uworrected)
gm.
Cystine ....................................
Methionine ..............................
Arginine ..................................
Histidine ................................
Lysine ......................................
Tyrosine ..................................
Tryptophane ............................
Phenylalanine ......... ; .
Threonine ................................
Leucine ....................................
Valine ......................................
Isoleucine ...............................
0.94
2.35
4.26
1.41
4.16
3.46
0.83
3.78
2.87
8.65
2.83
2.77
Macyll
(corrected 89/80)
gn-
1.05
2.62
4.74
1.57
4.63
3.85
0.92
4.21
3.19
9.63
3.15
3.08
Caic. from data
in ref. 2
gm.
1.22
2.82
4.75
1.81
5.09
3.84
1.06
4.29
3.41
10.7
4.21
3.28
In 1937, from experiments with growing albino rats, Rose'6 sug-
gested the quantities of each of the essential amino acids which
should be present in the diet. The values given in column 1 of
Table 4 arethose indicated by Rose for the percentage of each essen-
tial amino acidin the entireration. If it is assumed that the average
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TABLE 4
A COMPARISON OF THE RECOMMENDED ESSENTIAL AMINO ACID INTAKE WITH THE
QUANTITIES CALCULATED FROM AMINO ACID ANALYSES OF FOOD CONSUMED
Cadc. from data
gm./100 gm. gm./600 gm. inref. 2
of diet of diet gm.
Methionine ........................ 0.6 3.6 4.0*
Arginine ............ ............ 0.2 1.2 4.8
Histidine ............ ........... 0.4 2.4 1.8
Lysine ....................... 1.0 6.0 5.1
Tryptophane ..................... 0....2 1.2 1.1
Phenylalanine ........................ 0.7 4.2 4.3
Threonine ....................... 0.6 3.6 3.4
Leucine ......... .............. 0.9 5.4 10.7
Valine ....................... 0.7 4.2 4.2
Isoleucine ............ ........... 0.5 3.0 3.3
* Sum of cystine and methionine.
daily human intake is 600 gm. (3,000 cal.) of food, then the figures
in column 2 would represent the recommended quantities of each
indispensable amino acid. A comparison of these figures and those
calculated in Table 2 shows rather dose agreement (cf. column 3).
TABLE 5
CONTRIBUTION OF VARIOUS FOODSTUFFS TO THE TOTAL ANNUAL PER CAPITA
CONSUMPTION OF ESSENTIAL AMINO ACIDS
Dairy Meats and
products fish
Protein ... .... 21 38
Cystine ... ..... 15 31
Methionine ...... .. 21 42
Arginine .... ... 17 46
Histidine ........ 25 30
Lysine ... .... 28 50
Tyrosine .... ... 26 30
Tryptophane ....... 26 39
Phenylalanine ....... 19 35
Threonine .... ... 27 35
Leucine .... .... 26 35
Isoleucine .... ... 40 31
Valine ... .... 33 28
Eggs
8
12
12
11
8
8
8
10
10
10
9
11
8
Beans
6
6
4
5
5
5
5
7
6
6
4
6
S
Cereals
27
36
22
21
32
9
29
17
29
22
26
12
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The greatest discrepancy is in the smaller quantity of arginine
recommended by Rose. However, it should be recalled that Holt'
has recently shown that although men on an arginine-deficient diet
do not go into negative nitrogen balance, they develop aspermia
within a week.
Table 5 shows the percentage contribution of various foodstuffs
to the total annual per capita consumption of essential amino acids.
The salient points in the table are well known. In view of the cur-
rent tendency toward a decreasing consumption of dairy products
and muscle proteins and the increasing consumption of beans and
cereals, it should be recalled that the first two supply a relative sur-
plus of lysine, while the latter, especially grains, furnish less than
the expected quantity of this essential.
The deficiency of grain proteins in lysine, which was pointed out
by Osborne"5 in 1907, has been confirmed again in the past year by
feeding experiments on enriched white bread (Jones and Divine,9
Frey and Light5). These experiments show that the addition of
relatively small quantities oflysine, orsources oflysine, will enhance
the growth-promoting value of white flour, or "enriched" bread, by
from two to fourfold. Thus, the nutritive value of vitamin and
mineral "enriched" flour should be markedly increased by the addi-
tion of from 3 to 3.5 lbs. of lysine per 1000 lbs. of flour, without
appreciably changing the flavor, color, or texture of the final food
product.
Summary
It is tentatively suggested that, for optional nutrition, the "aver-
age man" should ingest each day from 3.5 to 4 gm. of cystine plus
methionine, 4 to 5 gm. of arginine, 5 to 6 gm. of lysine, 1 to 1.25
gm. oftryptophane, 4to 4.5 gm. of phenylalanine, 3.5 gm. of threo-
nine, 10 gm. of leucine, 4 to 4.5 gm. of valine, and 3 to 3.5 gm. of
isoleucine.
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